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Abstract — The composition of honey samples of Plebeia wittmanni (n = 10) and Tetragonisca angustula
fiebrigi (n = 12) was analysed. The colours of all collected honeys were amber to dark amber and the pH
varied. Moisture was lower than reported for other stingless bee honeys. Conductivity and ash content of
P. wittmanni honey were higher than for 7. angustula fiebrigi. Acidity of P. wittmanni honey was the highest
ever mentioned for all other Plebeia species. Total sugars and sucrose were higher in 7. angustula fiebrigi
than in P. wittmanni honey. T. angustula fiebrigi honey showed the highest sucrose content ever mentioned
and was rich in oligosaccharides. Both honeys split off sucrose, a-glucosides, trehalose, and amylose. The
strongest hydrolytic activity was on sucrose, with high activity for 7. angustula fiebrigi honey. Raffinose
was also hydrolyzed. The honey of both bees inhibited bacterial growth. These properties support, at least
in part, the medicinal use of the stingless bee honey by native people.

Tetragonisca angustula fiebrigi | Plebeia wittmanni | Meliponini / composition / honey / antibacterial
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1. INTRODUCTION

More than 400-500 species of Neotropi-
cal stingless bees occur in the tropical and
subtropical regions of America (Wille, 1979;
Roubik, 1995; Camargo and Pedro, 2007).
Beekeeping with stingless bees, or meliponi-
culture, was an aboriginal pre-Hispanic prac-
tice in Mesoamerica and their honey was
a well known food resource of the aborig-
ines in the North of Argentina (Alderete-
Nufez, 1945). However, the introduction of
Apis mellifera into the region produced a
strong decline in meliponiculture. Different
stingless bee species produce honeys with dis-
tinct organoleptic properties. Some of them
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produce a fine, delicate honey with a delicious
flavor (Kent, 1984; van Veen et al., 1990a)
that allows their commercialization. The wax
of these bees is used for waxing thread, cov-
ering cheeses, making candles (Kent, 1984).
But traditionally, these honeys are not consid-
ered as food only. Mesoamerican aborigines
use honeys as medicine for treating skin erup-
tions (confluent smallpox), tongue sores, urine
problems, as emollient for wounds, cracked
lips, skin infections and bruises, and treatment
of upper respiratory system disorders. Diluted
with water it is considered an ophthalmic rem-
edy (Vit and Tomds-Barberan, 2004). Further-
more, it is used as purgative for women who
have just given birth and as aid during birth.
Because of the assigned properties, these hon-
eys are sold to local pharmacies at a higher
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price than A. mellifera honey (van Veen et al.,
1990b).

Several Meliponini species are recorded in
the North of Argentina, and several are used as
food and medicine. In Tucuman Province, Ar-
gentina, one may frequently encounter, even
in the cities, a small black bee known as
“pusquiyo” or “pusquillo” that was identified
as Plebeia wittmanni. Another stingless bee
from the same region with the common name
“angelito” or “rubiecita” (=little blond) was
identified as Tetragonisca angustula fiebrigi.
Despite the frequent occurrence of these sting-
less bees, there are no Argentinean regulations
for Meliponini honeys. Some regulations re-
fer to Apis mellifera honey (Bianchi, 1990),
and these are very similar to the European Di-
rections and Regulations, or even more de-
tailed, and in accordance with the Codex Al-
imentarius, International Honey Commission
(CODEX 1969, 1987, 2001).

In the present study we report on colour,
sugar composition, protein content, enzyme
activities and antibacterial activity of honeys
from T. angustula fiebrigi and P. wittmanni of
San Miguel de Tucumén, Argentina.

2. MATERIALS AND METHODS
2.1. Honey sources

P. wittmanni (n = 10) and T. angustula fiebrigi
(n = 12) honeys were collected around the City of
San Miguel de Tucuman, (26° 48" 30” S 65° 13’ 03”
W) Argentina. The colonies were transferred from
logs to wooden boxes of 20 X 20 X 10 cm in the
case of P. wittmanni, and 30 x 30 x 30 cm for T.
angustula fiebrigi, with removable bottom and lid
parts. Honey sampled during December 2005 and
January 2006 was taken from closed pots by suction
with a syringeand immediately processed.

2.2. Physicochemical properties
2.2.1. Colour

The colour of the samples was determined using
the Lovibond comparator.

2.2.2. Acidity and pH

Free acidity was determined by titration and pH
was estimated using a digital pH meter Model HI
8519 (Hanna Instrument).

2.2.3. Refraction index

The measurements were done with an Abbe re-
fractometer (Atago, Japan), all taken at room tem-
perature (26 °C). Before measurements, the refrac-
tometer’s sample compartment and window were
first cleaned with acetone.

2.2.4. Electrical conductivity

The electrical conductivity was measured at
25 °C using a pH/Conductivity meter Model 20
(Denver Instrument). The instrument was calibrated
using 0.01 M KCL.

2.2.5. Moisture

For the determination of the moisture content,
2.50 g of each sample was placed in a flat dish
and oven-dried at 105 °C for three hours, covered,
cooled in a desiccator and weighed. The sample
was then re-dried for one hour in the oven, cooled
and reweighed. The process was repeated at one
hour drying intervals until a constant weight was
obtained. Values were expressed as moisture per-
centages. Each analysis was performed in triplicate.

2.2.6. Ash content

For ash content determination, 2.50 g of each
sample was put in a crucible and dried in an oven
at 105 °C for three hours to prevent loss by foam-
ing. After cooling it was ashed overnight in a Muf-
fle oven at 600 °C. After cooling it was weighed to
a constant weight.

2.3. Sugar determinations
2.3.1. Mono and disaccharides

Total neutral sugars were determined by the phe-
nol sulfuric acid method (Dubois et al., 1956) with
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glucose as standard. Reducing sugars were deter-
mined by the Somogyi-Nelson method (Nelson,
1944; Somogyi, 1945) using glucose (Sigma-
Aldrich, Saint Louis, Missouri, USA) as standard.
Sucrose and fructose (Sigma-Aldrich, USA) were
determined by the resorcinol method of Cardini
et al. (1955) using sucrose as standard. Glucose
was determined by the glucose-oxidase-peroxidase
(Sigma-Aldrich, USA) coupled assay (Jorgensen
and Andersen, 1973) with glucose as standard.

2.3.2. Oligosaccharides

A diluted honey sample (0.5 g of honey in
2 mL of distilled water) was adsorbed onto a 10 X
2.2 cm carbon-Celite column. The column was
washed with 2 L of distilled water to eliminate solu-
ble sugars and finally oligosaccharides were eluted
with 70% ethanol (Merck, Damstadt, Germany).
Fractions of 1.6 mL were collected and pooled.
Oligosaccharides were determined as total sugars
(Dubois et al., 1956).

2.4. Proteins

Proteins were determined by the method of
Lowry et al. (1951) using bovine serum albumin
(Sigma-Aldrich, USA) as standard.

2.5. Enzymes
2.5.1. Enzyme preparation

Honey (10 g) was diluted with 3 mL of distilled
water. Diluted honey was saturated (100%) with
solid ammonium sulfate (Sigma-Aldrich, USA).
After 30 min, the suspension was centrifuged at
20 800 g for 10 min, the precipitate was suspended
in 1 mL of 10 mM sodium acetate buffer, pH 5.2,
and the suspension was dialyzed against the same
buffer (final Vol. 1.5 mL). One international enzyme
unit (IEU) was defined as the amount of enzyme
that produced 1 pmol of product in 1 min under de-
fined conditions of pH and temperature.

2.5.2. Enzyme assays

The incubation mixtures contained 10 uL of en-
zyme preparation, 40 uL of 0.2 M sodium acetate

buffer (pH 5.2), 40 uL distilled water, and 10 uL
of 0.6 M sucrose or 50 uL of 0.6 M raffinose,
trehalose or 10% amylase, respectively (Sigma-
Aldrich, USA) in a final volume of 0.1 mL. The as-
says were performed at 37 °C for 30 min. Reactions
were stopped by heating at 100 °C for 2 min.

The enzymatic hydrolysis and quantification
of sugars was determined as reducing power re-
lease when sucrose or raffinose is used as sub-
strate (Nelson, 1944; Somogyi, 1945); by the re-
sorcinol method (Cardini et al., 1955), and/or by
the specific measurement of glucose and fructose
produced by the glucose-oxidase-peroxidase assay
(Sigma-Aldrich, USA) (Jorgensen and Andersen,
1973), and by the enzymatic assay of D-fructose
dehydrogenase (Sigma-Aldrich, USA), respectively
(Ameyama, 1982). a-glucosidase activity was de-
tected by reducing power release after enzyme ex-
tract was incubated with amylose as substrate.

2.6. Antibacterial activity
2.6.1. Microorganisms

The microorganisms used included bacterial
strains isolated from skin wounds at Hospital
“Nicolas Avellaneda”, SIPROSA, Tucuman, Ar-
gentina. Gram negative bacteria: Escherichia coli
(IEV301), Pseudomonas aeruginosa (IEV 305).
Gram positive bacteria: Staphylococcus aureus
(IEV7), Staphylococcus aureus coagulase-negative
methicillin-sensible (IEV 20), Enterococcus fae-
cali (IEV 208). Strains from American Type Cul-
ture Collection (ATCC) were also included; Gram
negative bacteria: Pseudomonas aeruginosa (ATCC
27853), Escherichia coli (ATCC 25922). Gram pos-
itive bacteria: Enterococcus faecali (ATCC 29212),
Staphylococcus aureus (ATCC 29213) and Staphy-
lococcus aureus (ATCC 25923). Stock bacterial
cultures were made in brain-heart infusion (BHI)
medium (Britania S.A. Labs. Ciudad Auténoma de
B. Aires, Argentina) supplemented with 0.3% w/v
agar (Difco, Detroit, USA), 1.5% v/v glycerol (Sin-
torgan Labs., Vicente Lépez, B.Aires, Argentina),
and stored at —20 °C in sterile tubes. Pseudomonas
cultures were kept in sterile water supplemented
with 1% v/v glycerol at room temperature.

2.6.2. Inoculum preparation

Stock bacterial cultures were kept at 37 °C for
two hours. A loop of each strain was streaked onto
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a Mueller-Hinton agar (solid Mueller-Hinton, Bri-
tania S.A. Labs. Ciudad Auténoma de B. Aires,
Argentina) plate (10 cm diameter with 10 mL of
medium), and incubated at 37 °C for 24 h. Each in-
oculum was prepared by suspending a colony from
those plates in sterile water until it reached and op-
tical density (OD) at 625 nm of 0.09 + 0.01, which
corresponds to 10% colony forming units (CFU)/mL
(0.5 McFarland standard turbidity scale (Aiquel,
1977).

2.6.3. Biological assays

An agar cup bioassay was employed for testing
antibacterial activity of honey dilutions, following
the standard procedure of Linday (1962). Honey di-
lutions were prepared by dissolving 10 g honey in
3 mL distilled water. The concentration of the re-
sulting solution was 40% (w/v). Solid MH medium
(10 mL) was poured into each Petri dish under asep-
tic conditions in a laminar flow chamber. When the
medium in the plates solidified, 100 pL of the pre-
pared inoculums were spread on each Petri plate
with a sterile cotton swap. After inoculation, cups
were scooped out with a 5 mm sterile cork borer and
the lids of the dishes were replaced. Different quan-
tities of sterile-filtered (Millipore filters, Millex-HV,
0.22 um pore size) diluted honey (0, 10 20 and
30 uL containing 0, 4, 8 and 12 mg of honey, re-
spectively) were added to the wells and the vol-
ume completed to 40 uL with sterile water. Con-
trols were made with a solution containing sucrose,
glucose and fructose, at the same concentrations as
those found in the honey dilutions to determine the
effect of sugar concentration on microbial growth.
Controls with penicillin G (for Gram-positive bacte-
ria) and streptomycin (for Gram-negative bacteria)
(Sigma-Aldrich, USA) were made. Controls for mi-
crobial growth were performed by adding the sol-
vent (sterile water) to a well in each plate. Treat-
ment and control samples were kept in an incubator
at 37 °C for 24 h. The diameters of the inhibition
zones were measured in four different directions;
the mean and SD were calculated. Four replicates
were made for each treatment.

2.7. Statistical analysis

Data were analyzed by One way Anova. Differ-
ences among means were determined using Tukey
post hoc tests (P = 0.05).

M.A. Sgariglia et al.

3. RESULTS

Physical parameters of the honey from P.
wittmanni and T. angustula fiebrigi are sum-
marized in Table I. The colour values for all of
the P. wittmanni honey samples were around
128 to 140, and 80 to 105 for 7. angustula fieb-
rigi honeys, corresponding to amber/dark am-
ber on the Lovibond comparator scale range
(from 60 to 250). All samples of P. wittmanni
honey were darker than those of T. angus-
tula fiebrigi. P. wittmanni honey was also
more acidic than T. angustula fiebrigi honey
(117.5+£1.25and 71.90 £2.25 meq/kg, respec-
tively). The pH varied among the samples of P.
wittmanni (2.0+0.1-4.0+0.15)and T angus-
tula fiebrigi honeys (3.5 + 0.01 — 4.5 £ 0.15)
with the variability of the latter being similar to
that of A. mellifera (Siddiqui, 1970). The acid-
ity of P. wittmanni honey was also higher than
that of T. angustula fiebrigi (45.06 + 0.05 —
190.90 + 2.00 and 45.40 = 2.00 — 98.40 +
2.50 meq/kg, respectively), in accordance with
(Vit et al., 1994). Moisture of both types of
honey was relatively low (Tab. I), viz., 12.35 +
1.70 and 17.05+1.85 g/100 g, for P. wittmanni
and T. angustula fiebrigi as measured by the
oven method (Siddiqui, 1970; Vit et al., 1994).
Total sugars and sucrose were high for the two
bee species, with lower values for 7. angustula
fiebrigi than for P. wittmanni honey (Tab. I).
In both honey types, fructose was twice the
amount of glucose (Siddiqui, 1970). T. angus-
tula fiebrigi honey appeared to be particularly
rich in oligosaccharides (around 16% of the
total sugars), whereas in P. wittmanni honey,
oligosaccharides represented only about 7.5%
of the total sugars. If considering that sucrose
is comprised within the oligosaccharide con-
tent, then about 12.6% of the oligosaccharide
content corresponds to unknown oligosaccha-
rides for T. angustula fiebrigi, and to 4% for P.
wittmanni honey. Both honeys are able to split
off sucrose, a-glucosides, trehalose, and amy-
lose (Tab. IT). The strongest hydrolytic activity
of the two honeys was on sucrose, with 7. an-
gustula fiebrigi honey showing the highest ac-
tivity. Raffinose, an oligosaccharide related to
sucrose, was also hydrolyzed.

The antibacterial effects of diluted honeys
from T. angustula fiebrigi and P. wittmanni
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Table I. Physical properties and composition of the honeys from Plebeia wittmanni (n = 10) and Tetrago-

nisca angustula fiebrigi (n = 12).

Determination Plebeia wittmanni Tetragonisca angustula
fiebrigi

Colour (Lovibond units) 134 = 11* 92.5 + 10°

Range + SD 128+2-140+2 80+2-105+1

pH 3.25+0.25* 425 +0.5°

Range + SD 20+0.1-4.0+0.15 35+0.01 -4.5+0.15

Acidity (meg/kg) 117.5+ 1.25% 71.90 +2.25°

Range + SD 45.06 + 0.50 — 190.90 + 2.00 45.40 +2.00 — 98.40 + 2.50

Refractive index 1.27 £ 0.10¢ 1.47 £ 0.11¢

Range + SD 0.75 £ 0.06 — 1.79 + 0.09 0.98 +£0.85 -1.96 + 0.95

Conductivity (uS/cm) 50.9 +2.0* 282 +2.1°

Range + SD 39.80 + 1.23 — 62.00 + 0.98 17.47 +£2.01 - 38.93 + 1.95

Moisture content (g/100 g) 12.35 + 1.70° 17.05 + 1.85°

Range + SD 9.35+1.20-15.40 £ 2.10 11.10 £ 0.90 — 23.00 + 1.25

Ash content by controlled heating 0.16 + 0.01* 0.07 £0.01°

(g/100 g)(Range + SD) 0.23 £ 0.02 - 0.09 + 0.02 0.05 £ 0.01 - 0.09 + 0.01

Total sugars (g/100 g) 72.71 £ 3.70° 80.50 + 7.50¢

Range + SD 61.40 = 1.60 — 84.02 = 1.50 71.82 £0.90 — 89.19 + 1.20

Reducing sugars (g/100 g) 69.55 + 6.95¢ 65.80 = 4.60°

Range + SD 57.16 £0.90 — 81.94 + 1.65 4746 + 1.25-84.24 +2.10

Sucrose (g/100 g) 4.01 = 0.37%; 8.59 +0.67°

Range + SD 3.30+0.80 -5.85+0.25 2.80 £9.98

Fructose (g/100 g) 45.05 £ 0.71* 39.98 + 1.80°

Range + SD 3252 +1.50-57.52 + 1.75 25.70 £ 1.02 - 54.26 + 1.24

Glucose (g/100 g) 21.82 +0.20¢ 22.00 + 0.65¢

Range + SD 16.00 = 1.20 — 24.20 + 1.65 17.05 £ 1.24 —26.95 + 1.85

Oligosaccharides (g/100 g) 7.45 +0.82* 20.62 + 1.05°

Range + SD 3.65+0.65-11.25+ 1.11 7.24 +1.30 - 34.00 + 0.95

Proteins(g/100 g) 1.78 + 0.32¢ 2.02 £0.56

Range + SD 1.40 £ 0.30 —2.16 + 0.45 1.10 £ 0.35 -2.94 + 0.55

Values are the minimum and maximum averages of each determination + SD.

Different letters in the same row of the Table indicate significant differences between honey physical proper-
ties/composition of Plebeia wittmanni and Tetragonisca angustula fiebrigi.

Table I1. Enzymatic activities in Plebeia wittmanni (n = 10) and Tetragonisca angustula fiebrigi (n = 12)

honeys.
Substrate Plebeia wittmanni Tetragonisca angustula fiebrigi
(IEU") (IEU")
Sucrose 4.40 +0.20 5.35+0.50
Raffinose 0.85 +£0.60 1.15 £ 0.50
Trehalose 0.16 £ 0.04 0.75 +£0.09
Amylose 0.57 £0.07 0.77 £ 0.08

*IEU: international enzyme units. Values are the mean of four determinations of each honey sample + SD.
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Table III. Antibacterial levels of diluted honeys (40%, w/v) from Plebeia wittmanni and Tetragonisca
angustula fiebrigi in 108 CFU/mL.

Honey*
Microorganism P. wittmanni (WL) T. angustula fiebrigi (uL) Control
0102030 0102030
Gram negative bacteria Penicillin-G (30 ug /mL)
E. coli (ATCC 25922) --69 -—=17 12
E. coli IEV301) --69 -—=17 15
P. aeruginosa (IEV 305) --79 - 20
P. aeruginosa (ATCC 27853) --710 -—-6 18
Gram positive bacteria Streptomycin (30 ug/mL)
S. aureus (IEVT) -=710 --68 14
S. aureus coagulase-negative
methicillin-sensitive (IEV 20) -=710 --68 12
E. faecali (IEV 208) --710 ———— 13
E. faecal (ATCC 29212) --711 - 12
S. aureus (ATCC 29213) --711 --68 13
S. aureus (ATCC 25923) --710 --68 13

*uL of the dilution of 10 g of honey in 3 mL water.

—: No action on bacterial growth.

Bacterial growth was not inhibited by glucose, fructose and sucrose assayed at the same concentrations found in
honeys. These sugars were assayed separately in different experiments and together.

on several pathogenic bacteria are shown in  Northwestern Argentina. In terms of dietary
for Table III. The honey of both bees were aspects these honeys compared well with the
effective against bacteria, however, this ef- honey of A. mellifera, according to the present
fect was less so in the case of T. angustula  results, Moreover, the peasants of the North
fiebrigi honey. A noteworthy difference was of Argentina attribute medicinal properties
found in the case of two P. aeruginosa strains, to these honeys, and they are. used as eye
where one strain (P. aeruginosa ATCC 27853)  drops against eye irritations, and also against
was susceptible to 7. angustula fiebrigi honey,  cataracts (Vit et al., 2004), ocular ulcers, for
whereas P. aeruginosa IEV 305 showed re-  cicatrization of wounds, upper respiratory tract
sistence to the same honey. Moreover, the diseases, and against skin infections.
growth of the two strains of E. faecalis assayed The bacteria assayed in this paper were
was inhibited by P. wittmanni honey, but not  clinical isolates obtained from public Hospi-
by that of 7. angustula fiebrigi. Growth con-  tals and have ample incidence in northwestern
trols performed in a separate experiment with  Argentina. They show variable resistance to
sucrose, glucose and fructose kept at the same  antibiotics (Soberén et al., 2007). Furthermore
concentrations found in honeys, well as with  we assayed strains from the american type cul-
the three sugars together showed that the sugar  ture collection (ATCC) that were selected as
concentration alone does not affect bacterial  reference for the behavior of Gram-positive
growth. Consequently, the antibacterial activ-  and Gram-negative bacteria. The enterobacte-
ity of these honeys is likely due to non sugar  ria present in the intestinal track have an im-
components. portant prevalence as infective agents in other
parts of the body, such as skin, from which
they were isolated. S. aureus, a methicilin-
4. DISCUSSION resistant Gram positive strain isolated from
skin, worldwide produces serious intranosoco-
Stingless bee honeys were a well known mial infections that are difficult to eradicate
food and medicine of the aborigines in the (Vandenesch et al., 2003).



Studies on Meliponini honey from Argentina

The antibacterial effect of 7. angustula
fiebrigi honey from northwestern Argentina
was similar to that of T fiebrigi honey
from Paraguay and northeastern Argentina
(de Almeida et al., 2009; Rodriguez-Malaver
et al., 2009; Vit et al., 2009), and to T. an-
gustula honey from different regions of Costa
Rica (DeMera and Angert, 2004). In all these
Gram-negative bacteria were the most resis-
tant to honey treatment. Moreover, bacterial
growth inhibition by these honeys was bet-
ter than that found for other species of sting-
less bees of Guatemala (Dard6n and Enriquez,
2008). The results of the antimicrobial screen-
ing, thus, qualify the traditional use of these
honeys for topical treatments in emergency sit-
uations when commercial antibiotics are not
available. What is also important is that this re-
inforces the concept that investigations of the
traditional usage of natural products will re-
veal a substantial number of positive responses
in in vitro screens. Furthermore, as shown by
sugar concentration controls, the antibacterial
activity of these honeys is likely due to non-
sugar components (Vit and Tomdas-Barberan,
2004). Since the antibacterial activity of stin-
gless bee honey is still poorly studied, some
authors propose that this antibacterial activ-
ity may be ascribed to a contamination with
propolis (Dard6n and Enriquez, 2008).

With respect to physical properties, both
stingless bee honeys studied herein showed
some variation that can be ascribed to charac-
teristics of the bees’ physiology, their prefer-
ences for certain flowers, or to differences in
honey processing by the two bee species.

The dark amber colour of the honeys was
ascribed to a higher mineral content than in
the lighter ones (White, 1975). This is in
accordance with a higher ash content in P,
wittmanni honeys and an elevated conductiv-
ity. Both honeys are acidic and similar to stin-
gless bee honeys from Venezuela (Vit et al.,
1994; de Almeida et al., 2009). In contrast, the
marked differences as regards moisture con-
tent may likely be species-specific.

Considering the lack of hydrolysis of a-
galactosides by both honeys, raffinose is prob-
ably hydrolyzed by a honey a-glucosidase.
The presence of a-glucosidase activity in
honeys was confirmed by the attack on
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trehalose and a-methyl glucoside. Moreover,
both Meliponini honeys contain more sucrose
(3.66 + 0.37 and 8.59 + 0.67 g/100 g honey)
than A. mellifera honey (1.5-2.1 g/100 g
honey) (Tourn et al., 1980) which appears
strange considering their high sucrose splitting
activity. It may be possible that the reaction
products themselves, fructose and glucose, are
inhibitors of the enzyme for further sucrose
hydrolysis.

The composition of stingless bee honeys
has been studied far less than that of Apis
mellifera honey, and consequently, standards
for quality control of Meliponini honeys are
not yet established in the countries where they
are produced (Gonnet et al., 1964; Cortopassi-
Laurino and Gelli, 1991; Vit et al., 1994, 2004,
Vit and Pulcini, 1996; Souza et al., 2006).
In this respect, the present study is the first
contribution reporting the composition of P.
wittmanni honeys, and extends the informa-
tion given in previous reports on 7. angustula
fiebrigi honey (Souza et al., 2006; de Almeida
et al., 2009; Rodriguez-Malaver et al., 2009;
Vit et al., 2009) of northwestern Argentin. Fur-
thermore, the results on antibacterial effects
may explain their frequent and ample usage in
Traditional Medicine.
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Zusammenfassung — Die Eigenschaften von
argentinischen Tefragonisca angustula fiebrigi-
und Plebeia wittmanni-Honigen. Stachellose Bie-
nen sind einheimische Bienen der tropischen und
subtropischen Zonen Amerikas und wurden von
Einheimischen als Honigquelle und als Medizin be-
nutzt. Von Zentralamerika bis ins tropische und sub-
tropische Sitidamerika fanden ihre Honige Verwen-
dung in der Behandlung von Infektionen der Au-
gen, Wunden und des oberen Atmungstrakts, so-
wie als Abfiihrmittel. Die Quechua-Sprache un-
terscheidet verschiedene Stachellose Bienen-Arten
Nordwest-Argentiniens als tiu-simi, yana, kayasan,
kella und pusquillo. Die physikalischen Parameter
und die Zusammensetzung von Honig der Arten
Trigona (Tetragonisca) angustula fiebrigi und Ple-
beia wittmanni, die alle in der Provinz Tucuman,
Argentinien gewonnen wurden, sind in Tabelle I
zusammengestellt. Die Analyse der Zucker zeigte,
dass Glukose und Sacharose die Hauptkomponen-
ten bilden. Hinsichtlich der enzymatischen Aktivi-
tdt dieser Honie konnten wir zeigen, dass sie in der
Lage sind, Sacharose, a-Glykoside, Trehalose und
Amylose aufzuspalten. Die stérkste hydrolytische
Aktivitdt fanden wir bei zwei T. angustula fiebri-
gi-Honigen, wobei diese gegen Sacharose gerich-
tet war. Raffinose, ein Sacharose-dhnliches Oligo-
sacharid wurde ebenfalls hydrolisiert (Tab. II). Ver-
diinnte Honige von T. angustula fiebrigi (> 30 uL;
30 % w/v) und P. wittmanni (> 20 uL; 20 % w/v)
zeigten anitbiotische Eigenschaften gegen verschie-
dene pathogene Bakterien (Escherichia coli, Pseu-
domonas aeruginosa, Enterococcus faecalis und
Staphylococcus aureus) mit einer Konzentration
von 108 CFU/mL (Tab. III). Diese Eigenschaften
erkldren die medizinische Verwendung der Honige
Stachelloser Bienen in ihren Ursprungsldndern, v.a
durch die einheimische Bevolkerung.

Tetragonisca angustula fiebrigi | Plebeia wittman-
ni / Meliponini / Zusammensetzung / Honig / an-
tibakterielle Eigenschaften

REFERENCES

Aiquel F. (1977) Manual de Analisis Clinicos, 4ta. Ed.,
Editorial Médica Panamericana, Buenos Aires,
Argentina.

Alderete-Niniez R.A. (1945) El Melero, Museo
Folklérico Provincial, Ministerio de Gobierno,
Justicia e Instruccién Publica, Provincia de
Tucumadn, Argentina.

Ameyama M. (1982) Enzymatic assay of D-fructose
dehydrogenase, Meth. Enzymol. 89 (Part D), 20—
29.

Bianchi E. (1990) Control de calidad de la miel y cera,
Centro de Investigaciones Avicolas, Universidad
Nacional de Santiago del Estero, Argentina.

Camargo J.M.F, Pedro S.R.M. (2007) Meliponini
Lepeletier, 1836, in: Moure J.M.S., Urban
D., Melo G.A.R. (Eds.), Catalogue of Bees
(Hymenoptera, Apoidea) in the Neotropical
Region, Sociedade Brasileira de Entomologia,
Curitiba, pp. 273-578.

Cardini C.E., Leloir L.F., Chiriboga J. (1955) The
biosynthesis of sucrose, J. Biol. Chem. 31, 149—
155.

Cortopassi-Laurino M., Gelli D.S. (1991) Analyse
pollinique, propriétés physico-chimiques et action
antibactérienne des miels d’abeilles africanisées et
de Meliponines du Brésil, Apidologie 22, 61-73.

CODEX (1969) Norma Regional Europea para
Miel, CAC/RS 12-1969, Codex Alimentarius
Commission, FAO/OMS, Rome, Italy.

CODEX (1987) Revised Codex Standard for Honey.
CODEX STAN 12-1981, Codex Alimentarius
Commission, FAO/OMS, Rome, Italy.

CODEX (2001) Revised Codex Standard for Honey.
CODEX STAN 12-1981, Codex Alimentarius
Commission, FAO/OMS, Rome, Italy.

Dardén M.J., Enriquez E. (2008) Caracterizacion fisi-
coquimica y antimicrobiana de la miel de nueve
especies de abejas sin aguijon (Meliponini) de
Guatemala, Interciencia 33, 916-922.

de Almeida A.D., Souza B. de A., Marchini L.C.,
Moreti A.C. de C.C. (2009) Composition of honey
samples originated from Jatai bees (Tetragonisca
angustula latreille, 1811), Cienc. Tecnol. Alim.
29, 535-541.

DeMera J.H., Angert E.R. (2004) Comparison of
the antimicrobial activity of honey produced by
Tetragonisca angustula (Meliponinae) and Apis
mellifera from different phytogeographic regions
of Costa Rica, Apidologie 35, 411-417.

Dubois M., Gilles K.A., Hamilton J.K., Rebers P.A.,
Smith F. (1956) Colorimetric method for deter-
mination of sugars and related substances, Anal.
Chem. 28, 350-356.

Gonnet M., Lavie P., Nogueira-Neto P. (1964) Etude de
quelques charactéristiques des miels récoltés par
certains Meliponines brésiliens, C.R. Acad. Sci.
Paris 258, 3107-3109.

Jorgensen O.S., Andersen B. (1973) An improved
glucose-oxidase-peroxidase coupled assay for f3-
fructofuranosidase activity, Anal. Biochem. 53,
141-145.

Kent R.B. (1984) Mesoamerican stingless beekeeping,
J. Cult. Geogr. 4, 14-28.

Linday M.E. (1962) Practical Introduction to
Microbiology, E. and EN. Spon Ltd., UK.

Lowry O.H., Rosebrough N.J., Farr A.L., Randall R.J.
(1951) Protein measurement with Folin phenol
reagent, J. Biol. Chem. 193, 265-275.



Studies on Meliponini honey from Argentina 675

Nelson N. (1944) A photometric adaptation of the
Somogyi method for the determination of glucose,
J. Biol. Chem. 153, 375-380.

Rodriguez-Malaver, A.J., Rasmussen, C., Gutiérrez,
M.G., Gil, E, Nieves, B., Vit, P. (2009) Properties
of Honey from Ten Species of Peruvian Stingless
Bees, Nat. Prod. Res. 4, 1221-1226.

Roubik D.W. (1995) Stingless bees: A guide to
Panamian and Mesoamerican species and their
nests (Hymenoptera: Apidae: Meliponinae), in:
Quintero D., Aiello A. (Eds.), Insects of Panama
and Mesoamerica: Selected Studies, Oxford
University Press, Oxford, UK, pp. 495-524.

Siddiqui LR. (1970) The sugars of honey, Adv.
Carbohyd. Chem. Biochem. 25, 285-309.

Soberén J.R., Sgariglia M.A., Sampietro D.A.,
Quiroga E.N., Vattuone M.A. (2007) Antibacterial
activity of plant extracts from northwestern
Argentina, J. Appl. Microbiol. 102, 1450-1461.

Somogyi M. (1945) A new reagent for the determina-
tion of sugar, J. Biol. Chem. 160, 61-68.

Souza B., Roubik D., Barth O, Heard T., Enriquez
E., Carvalho C., Villas-Boas J., Marchini L.,
Locatelli J., Persano-Oddo L., Almeida-Muradian
L., Bogdanov S., Vit P. (2006) Composition of
stingless bee honey: Setting quality standards,
Interciencia 31, 867-875.

Tourn M.L., Lombard A., Belliardo F., Buffa M. (1980)
Quantitative analysis of carbohydrates and organic
acids in honeydew, honey and royal jelly by en-
zymic methods, J. Apic. Res. 19, 144-146.

Vandenesch F., Naimi T., Enright M.C., Lina G.,
Nimmo G.R., Heffernan H., Liassine N., Bes
M., Greenland T., Reverdy M.E., Etienne J.
(2003) Community-acquired methicillin-resistant
Staphylococcus aureus carrying Panton-Valentine
leukocidin genes: worldwide emergenge, Emerg.
Infect. Dis. 9, 978-84.

van Veen J.W., Arce H., Hallim M.K.I., Sommeijer
M.J. (1990b) Tropical beekeeping: The production
of males in stingless bees (Melipona), Proc. Exp.
Appl. Entomol. 1, 171-176.

van Veen J.W., Bootsma M.C., Arce H., Hallim M.K.I.,
Sommeijer M.J. (1990a) Biological limiting fac-
tors for the beekeeping with stingless bees in the
Carbbean and Central America, 11th International
Congress IUSSI, Bangalore, India.

Vit P., Pulcini P. (1996) Diastase and invertase ac-
tivities in Meliponini and Trigonini honeys from
Venezuela, J. Apic. Res. 35, 57-62.

Vit P., Tomas-Barberan F.A. (2004) Flavonoids in
Meliponinae honeys from Venezuela related to
their botanical, geographical and entomological
origin to assess their putative anticataract activity,
7. Lebensm. Unters. Forsch. A 206, 288—-293.

Vit P, Bogdanov S., Kilchenmann V. (1994)
Composition of Venezuelan honeys from stingless
bees (Apidae: Meliponinae) and Apis mellifera
L., Apidologie 25, 278-288.

Vit P, Gutiérrez M.G., Rodriguez-Malaver A.J.,
Aguilera G., Fernandez-Diaz C., Tricio A.E.
(2009) Comparaciéon de mieles producidas por
la abeja nativa yatei (Tetragonisca fiebrigi) en
Argentina y Paraguay, Acta Bioquim. Clin.
Latinoam. 43, 219-226.

Vit P,, Medina M., Enriquez M.E. (2004) Quality stan-
dards for medicinal uses of Meliponinae honey in
Guatemala, Mexico and Venezuela, Bee World 85,
2-5.

White J.W. (1975) Physical characteristics of honey,
in: Crane E. (Ed.), Honey, a Comprehensive
Survey, Heinemann, London, pp. 207-239.

Wille A. (1979) Phylogeny and relationships among
the genera and subgenera of the stingless bees
(Meliponinae) of the World, Rev. Biol. Trop. 27,
241-277.



	INTRODUCTION
	MATERIALS AND METHODS
	Honey sources
	Physicochemical properties
	Colour
	Acidity and pH
	Refraction index
	Electrical conductivity
	Moisture
	Ash content

	Sugar determinations
	Mono and disaccharides
	Oligosaccharides

	Proteins
	Enzymes
	Enzyme preparation
	Enzyme assays

	Antibacterial activity
	Microorganisms
	Inoculum preparation
	Biological assays

	Statistical analysis

	RESULTS
	DISCUSSION
	Acknowledgements
	References

